Blood pressure response to chronic high salt intake and kinetics of red blood cell Na + and K + (Rb + ) transport were studied in salt-sensitive (DS) and salt-resistant (DR) Dahl rats fed a high salt diet (8% NaCl) for 7 weeks from the fifth (young), 12th (adult), or 23rd (old) week of age. The kinetics of ouabain-sensitive Rb + uptake and Na + extrusion were determined in Na + media as a function of both intracellular Na + (Na + ,, 2-8 mmol/1 cells) and extracellular Rb + (Rb + 0 ). In addition, the kinetics of furosemide-sensitive Rb + uptake (related to Rb + 0 ) and the magnitude of the Na + and Rb + leaks were assessed. High salt intake induced hypertension in young and adult but not in old DS rats although red blood cell Na + was slightly increased in all age groups of DS rats fed a high salt diet The kinetic parameters of the Na + -K + pump were similar in DS and DR rats fed a low salt diet Ouabain-sensitive transport rates were not suppressed in erythrocytes of salt hypertensive Dahl rats. Maximal velocities of the Na + -K + pump (related to Na + ,) decreased significantly with age in all groups except in DS rats fed a high salt diet This was compensated by an age-dependent increase in the affinity for Na + , so that no substantial differences in transport rates between young and old rats were seen at physiological cell Na + and plasma K + levels. The maximal velocity of furosemide-sensitive Rb + uptake rose with age in all groups without changes in the affinity for Rb + 0 . High salt intake increased its maximal activity only in DS rats. The Rb + leak was higher in DS relative to DR rats irrespective of salt intake, age, or blood pressure. The Na + leak was elevated in DS rats in which it was augmented by high salt intake. Salt hypertension was, however, not associated with a significant increase of the Na + leak, which was responsible for most alterations of cell Na + content (Hypertension 1990;15:612-627) M any previous studies have indicated the role of genetic factors, salt intake, agedependent susceptibility, and ion transport alterations in the development of hypertension. Nevertheless, the interactions of all these factors have seldom been studied under the same experimental conditions. Dahl salt-sensitive (DS) rats with their age-dependent susceptibility to salt hypertension 1 represent an experimental model that appears to be suitable for such an analysis.
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Blood pressure response to chronic high salt intake and kinetics of red blood cell Na + and K + (Rb + ) transport were studied in salt-sensitive (DS) and salt-resistant (DR) Dahl rats fed a high salt diet (8% NaCl) for 7 weeks from the fifth (young), 12th (adult), or 23rd (old) week of age. The kinetics of ouabain-sensitive Rb + uptake and Na + extrusion were determined in Na ) and the magnitude of the Na + and Rb + leaks were assessed. High salt intake induced hypertension in young and adult but not in old DS rats although red blood cell Na + was slightly increased in all age groups of DS rats fed a high salt diet The kinetic parameters of the Na + -K + pump were similar in DS and DR rats fed a low salt diet Ouabain-sensitive transport rates were not suppressed in erythrocytes of salt hypertensive Dahl rats. Maximal velocities of the Na + -K + pump (related to Na + ,) decreased significantly with age in all groups except in DS rats fed a high salt diet This was compensated by an age-dependent increase in the affinity for Na + , so that no substantial differences in transport rates between young and old rats were seen at physiological cell Na + and plasma K + levels. The maximal velocity of furosemide-sensitive Rb + uptake rose with age in all groups without changes in the affinity for Rb + 0 . High salt intake increased its maximal activity only in DS rats. The Rb + leak was higher in DS relative to DR rats irrespective of salt intake, age, or blood pressure. The Na + leak was elevated in DS rats in which it was augmented by high salt intake. Salt hypertension was, however, not associated with a significant increase of the Na + leak, which was responsible for most alterations of cell Na + content (Hypertension 1990;15:612-627) M any previous studies have indicated the role of genetic factors, salt intake, agedependent susceptibility, and ion transport alterations in the development of hypertension. Nevertheless, the interactions of all these factors have seldom been studied under the same experimental conditions. Dahl salt-sensitive (DS) rats with their age-dependent susceptibility to salt hypertension 1 represent an experimental model that appears to be suitable for such an analysis.
The information on ion transport in vascular smooth muscle and red blood cells of DS and saltresistant rats (DR) is rather scarce in contrast to spontaneously hypertensive rats (SHR). In addition, some studies were carried out in outbred DS and DR rats supplied from the original Brookhaven colony while other investigators used the inbred DS/Jr and DR/Jr rats provided from the Toledo colony. 2 An acceleration of ouabain-sensitive and ouabainresistant Rb + uptake was reported in vascular smooth muscle of salt hypertensive DS and DS/Jr rats, 34 whereas normal or even decreased activity of microsomal sodium-potassium adenosine triphosphatase (Na + ,K + -ATPase) was found in heart and kidney of hypertensive DS and DS/Jr rats. 5 " 8 Normal Na + , K + , and Cl" contents as well as unaltered membrane potentials were observed in smooth muscle cells of tail arteries in adult hypertensive DS females. 9 The cellular K + pool, but not the steadystate K + turnover, was reported to be increased in the thoracic aorta of young hypertensive DS males.
The data on red blood cell ion transport are contradictory. Decreased ouabain-sensitive Na + efflux, increased bumetanide-sensitive Na + efflux and an unaltered Na + leak were reported in red blood cells of DS rats fed a low salt diet as compared with DR rats. 11 Ouabain-sensitive Na + efflux has been claimed to be virtually absent in red blood cells of young salt hypertensive DS rats, whereas no significant changes of the Na + -K + pump activity occurred in salt-loaded DR rats. 12 In the same study, high salt intake increased bumetanide-sensitive Na + efflux only in DR but not in DS rats. Somewhat different results were obtained in later studies in which Rb + uptake was measured in red blood cells of DS/Jr and DS rats. Under the conditions of low salt intake, ouabain-sensitive and furosemide-sensitive Rb + uptakes as well as the Rb + leak tended to be higher in red blood cells of DS/Jr relative to DR/Jr rats, 8 whereas ouabain-sensitive Rb + uptake was similar in DS and DR rats. 13 A high salt diet did not reduce ouabain-sensitive Rb + uptake in either the young or adult DS/Jr group. 8 In contrast, an acceleration of ouabain-sensitive Rb + uptake was found in young DS/Jr rats. Moreover, high salt intake caused an increase of furosemide-sensitive Rb + uptake in DS/Jr but not in DR/Jr rats. 8 Recent studies 14 " 17 indicated that only a full kinetic description of ion transport systems would allow reliable conclusions to be drawn concerning alterations of ion transport in vivo. Measurements performed at a single set of cation concentrations are not sufficient to characterize the properties of saturating transport systems.
The aim of our study was to determine the kinetic parameters (maximal velocity and cation affinity) of Na + and K + transport systems as well as the magnitude of diffusional cation leaks in red blood cells of individual Dahl rats subjected to chronic low or high salt intake. Na + and K + transport mediated by the Na + -K + pump was assessed in Na + media as a function of extracellular potassium (K ) and of intracellular sodium (Na + ,), the concentration of which was modified around the physiological range. 16 Because the susceptibility of rats to the hypertensive effects of high salt intake decreases with the age at which salt intake was elevated, 117 young (5-week-old), adult (12-week-old), and old (23-week-old) rats were used in this study.
Methods
Animals
Eighty male DS/Jr and DR/Jr rats were supplied by the Prague breeding colony. This colony was established from animals kindly provided by John Rapp (Toledo, Ohio). All rats (including parents) drank tap water and were fed a natural ingredient diet that contained 35 mmol Na + /kg (0.2% NaCl, wt/wt) until the onset of the experiment. The rats were weaned at the age of 28 days. In the course of the experiments, synthetic diets (Altromin, Lage, FRG) that contained either 10 (low salt, 0.06% NaCl) or 1,380 mmol Na + /kg (high salt, 8% NaCl) were used. The K + content was 165 mmol/kg in both diets. The desired dietary regimen began at the age of either 5 weeks, 12 weeks, or 23 weeks and lasted for about 7 weeks. In each age group, both genotypes kept on either low or high salt intake were studied in parallel.
Blood Pressure Measurement and Blood Sampling
The right carotid artery was cannulated under light ether anesthesia, and blood pressure was recorded by an MP-15 transducer (Micron Instrs., Los Angeles, California) and with a Hewlett-' Packard 321 recorder (Hewlett Packard Co., Palo Alto, California). Subsequently, about 10 ml blood was withdrawn and anticoagulated by 150-200 IU heparin. Duplicates of hematocrit (Clay Adams Autocrit, 10 minutes, Clay Adams, Parsippany, New Jersey) and triplicates of hemoglobin (Merckotest Hemoglobin, millimolar extinction coefficient of cyanmethemoglobin tetramer at 540 nm = 44, Merck, Darmstadt, FRG) were determined on whole blood. Blood was centrifuged for 5 minutes (4,600g) at room temperature, and plasma samples were obtained for Na + , K + , urea (Bio-la-test, Lachema, Brno, Czechoslovakia), and osmolality measurements (Semimicroosmometer, Knauer, Eppelheim, FRG). Remaining plasma, buffy coat, and the uppermost red blood cell layer were removed. After careful mixing of the sediment, three samples of fresh packed erythrocytes were taken for estimation of the in vivo red blood cell Na + , K + , and Rb + contents.
Preincubation to Modify Cell Na + Content
The remaining erythrocytes were washed once at room temperature with three volumes of medium A (137 mM NaCl, 10 mM choline chloride, 5 mM glucose, 2.5 mM phosphoric acid, 10 mM morpholinopropanesulfonic acid [MOPS] ), titrated to pH 7.4 at 37° C with tris(hydroxymethyl)aminomethane (Tris), 300-310 mosm/kg H 2 O. Aliquots (1 ml) of packed red blood cells were then preincubated for 2 hours at 37° C in 50 ml medium I (140 mM KC1) to reduce cell Na + to about one half, in 50 ml medium II (140 mM NaCl plus 4 mM KC1) to maintain cell Na + , or in 100 ml medium III (140 mM NaCl) to approximately double cell Na + . All three media contained glucose, inorganic phosphate, and MOPSTris buffer as medium A. The red blood cells were thereafter washed three times with ten volumes medium A and suspended in 1.3 ml of the same medium, the osmolality of which was increased by 4.5% (15 mM sucrose) in the low Na + cells and by 3% (10 mM sucrose) for the normal Na + cells. The reason for this adjustment of medium osmolality was to minimize the differences in mean cellular hemoglobin content (MCHC) that result from the small but different cell K + loss that occurs during the preincubation in media II and III (for details see Reference 16) . Hematocrit and hemoglobin content as well as cell Na + , K + , and Rb + contents were determined in triplicate from each red blood cell suspension.
There were no significant MCHC differences among experimental groups after the 2-hour preincubation in media I-III. Red blood cell Na + contents were lowered, in average, to 1.61 (medium I), maintained at 3.64 (medium II), and elevated to 7.92 mmol/1 (medium III). The tendency to increased cell Na + detected in fresh erythrocytes of rats from the DS-high salt (HS) group (see Table 2 ) persisted after the preincubation in medium II (data not shown). The changes in cation contents induced by the preincubation in red blood cells of Dahl rats were similar, to those observed in Sprague-Dawley rats. 16 
Standard Assay for Determination of Cation Transport Kinetics
Rates of Na + and Rb + transport were determined in a standard assay, which allowed us, in red blood cells of individual rats, to characterize completely the kinetic properties of the Na + -K + pump and to estimate the kinetics of furosemide-sensitive Rb + uptake as a function of Rb + 0 as well as the magnitude of Na + and Rb + leaks. 16 The incubation was started by the addition of a 100 /A suspension of red blood cells preincubated in media I-III (containing 35-50 fil packed cells) to 1.8 ml prewarmed (37° C) incubation 1 media prepared by mixing appropriate amounts of medium A and medium B (containing 10 mM RbCl instead of 10 mM choline chloride of medium A) to obtain Rb + O concentrations of 0, 0.5, 2, 5, or 10 mM. The osmolality of media for the final incubation of red blood cells preincubated in media I and II was also adjusted by sucrose addition as described above. The samples with 0 mM Rb + O were included for estimation of pump reversal magnitude (see below). Ouabain (5 mM, Serva, Heidelberg, FRG) and furosemide (1 mM, Sigma, Deisenhofen, FRG) were used as inhibitors of the Na + -K + pump and loop diuretic-sensitive cotransport systems, respectively. Red blood cells were incubated under gentle shaking for 30 minutes in a thermostated water bath at 37° C and pH 7.4 (hematocrit 1.4-1.6%). The incubation was terminated by placing the incubation vessels into an ice bath followed by centrifugation for 1 minute (14,000g) at 4° C. Cell sediments were washed three times with 2 ml ice-cold choline chloride (150 mM) and hemolyzed with 1.6 ml 6% n-butanol in water (vol/vol) containing 0.1% CsCl (wt/vol). In the hemolysates, hemoglobin was determined and Na + , K + , and Rb + concentrations were measured with an atomic absorption spectrophotometer (Perkin Elmer 420, Bodenssewerk Perkin Elmer, Meberlingen, FRG). The standards were prepared in 6% n-butanol containing 0.1% CsCl. Red blood cell contents and transport rates given in Results refer to 5.2 mmol hemoglobin tetramer (335.4 g), the mean hemoglobin content of 1 liter rat erythrocytes. and Na + j concentrations (see Figure 1 ). Na + extrusion mediated by the Na + -K + pump was therefore calculated as the difference in cell Na + among erythrocytes incubated without ouabain at 0, 0. , (equal to 3.4 mmol/1) were calculated using the kinetic parameters ( V^ and A^j) determined in the respective rats. Ouabainsensitive 1 R b V l K + , exchange was considered to account for ouabain-sensitive Rb + uptake that occurred in excess of two thirds of ouabain-sensitive Na + extrusion. This explains that Na + :Rb + stoichiometries were usually lower than 1.5, an ideal value suggested by 3 Na + ,: 2 K + o exchange mediated by the Na + -K + pump. Ouabain-sensitive Na + net extrusion was obtained by the subtraction of the appropriate pump reversal rate from the corrected Na + extrusion rate. The corresponding rate of ouabain-resistant Na + net uptake was extrapolated from measured transport rates to individual plasma K + and red blood cell Na + concentrations (for further details, see the legend of Table 6 ).
Statistics
The data are mean±SEM. The differences among groups were analyzed by one-way analysis of variance (least significant difference and Q methods). 22 Values of p less than 0.05 were considered to be significant. The effects of particular factors involved (genotype, age of rats, salt intake level) and their interaction was evaluated using the factorial approach (i.e., by calculation of factorial effect mean±SEM). 22 Linear regression analysis was used for the evaluation of age-dependent changes in kinetic parameters of the Na + -K + pump and of the furosemide-sensitive Rb + uptake. Regression slopes were tested versus zero and were compared among particular experimental groups. 23 
Results
Blood Pressure, Organ Weights, Plasma, and Red Blood Cell Ion Levels
Chronic high salt diet increased blood pressure only in young and adult but not in old DS-HS rats. No blood pressure changes occurred in DR-HS rats. Under the conditions of low salt intake, blood pressure of DS rats was higher than that of DR rats (Table 1) . High salt intake was associated with an increased heart weight in DS but not in DR rats. Although the heart enlargement was most pronounced in young hypertensive DS-HS rats (+47%), it was also considerable in normotensive old DS-HS rats (+30%). Renal mass was increased by the high salt diet in all experimental groups, but the increase was always greater in DS than in DR rats. Among DS-HS groups, the increment of renal mass was highest in young hypertensive rats (Table 1) .
High salt intake did not alter plasma osmolality or plasma sodium concentration. Plasma potassium levels were moderately decreased in all age groups of DS-HS rats; the change was most pronounced in old rats. Plasma urea tended to be slightly elevated only in young DS-HS rats (Table 2) . No consistent changes of hematocrit or mean cellular hemoglobin content were observed. Fresh red blood cell Na + contents were slightly increased in all age groups of DS-HS rats (irrespective of their blood pressure) as compared with the other experimental groups. Red blood cell K + contents of DS-HS rats tended to be lower ( Table 2 ).
In the young DS-HS rat group, five additional rats were studied in which hematocrit was far below 40% (31±1.8%, MCHC 4.36±0.18 mmol/1 cells), as it was earlier reported. 4 However, these anemic rats (mean arterial pressure 158±4 mm Hg) with extremely high transport rates (+50-150% of remaining DS-HS rats) were not included in the present study because the augmented transport rates most probably reflected the properties of relatively young erythrocytes 24 rather than transport alterations in hypertension.
Ouabain-Sensitive Ion Transport
It is obvious from the data in Figure 1 that ouabain-sensitive Na + and Rb + transport rates were higher in young hypertensive than in old normotensive DS-HS rats. These differences were most pronounced at the highest Na + |. The evaluation of Na + transport was complicated by the fact that the Na + -K + pump mediated sodium uptake at low Rb + 0
and Na + ,. This phenomenon was associated with ouabain-sensitive K + extrusion and was therefore attributed to Na + -K + pump reversal. 20 Thus, the kinetic parameters for Na + extrusion had to be estimated from the data corrected as described in Methods. Tables 3 and 4 summarize maximal velocities and apparent affinities of the Na + -K + pump for Na + , and Rb + 0 in the particular experimental groups. These data indicate that the kinetics of the Na + -K + pump were independent of the genotype of the rats. Moreover, high salt intake did not induce too many substantial changes of the kinetic parameters.
There was a tendency toward a lower affinity of the Na + -K + pump for Na + ; and toward an increased maximal velocity of both Rb + uptake and Na + extrusion in red blood cells of young DR-HS rats (relative to young rats in the DR-low salt [LS] group) at all Rb + O concentrations examined (Table 3) . A similar phenomenon has also been observed in salt-loaded Sprague-Dawley rats 16 but not in young DS-HS rats (Table 3) . In all experimental groups, maximal rates of both Rb + uptake and Na + extrusion (assessed as a function of Na + |) decreased with age (Table 3 ). The 25-50% reduction in maximal velocities was accompanied by an age-dependent increase in the affinity for Na Heart weight (mg/100 g) Kidney weight (mg/100 g)
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Data are mean±SEM. Number of rats is given in parentheses. Young, 5-week-old rats; Adult, 12-week-old rats; Old, 23-week-old rats; DS, Dahl salt-sensitive rats; HS, high salt diet; LS, low salt diet; DR, Dahl salt-resistant rats; SBP, systolic blood pressure; MAP, mean arterial pressure; DBP, diastolic blood pressure.
•Significantly different (p<0.05) from LS rats. tSignificantly different (p<0.05) from young rats. Significantly different (p<0.05) from adult rats. §Significantly different (p<0.05) from DR rats.
age and the kinetic parameters of the Na + -K + pump (Figure 2 ) revealed that, in rats fed a low salt diet, the age-related decrease of V^ and KQS values was more pronounced in DS than in DR rats. The kinetic parameters of ouabain-sensitive ion transport were also dependent on age in DR-HS but not in DS-HS rats (Table 5) . Table 3 ). The question arises whether the pronounced age-dependent differences in the kinetics of the Na + -K + pump (Table 3 ) cause different transport rates at in vivo cation concentrations in young and old animals. Ouabain-sensitive Rb + and Na + transport rates were therefore calculated for constant as well as for individual cell Na + and plasma K + values (Table 6 ). The results demonstrated that, at physiological cation concentrations, the observed agedependent alterations of the two kinetic parameters largely compensate each other. In addition, both data sets clearly indicate that ouabain-sensitive transport rates (referring to in vivo Na concentrations) were not suppressed in DS rats with salt hypertension (Table 6 ). Ouabain-sensitive 12, NS) . This is in accordance with the observation that the calculation of ouabain-sensitive transport rates for constant cation concentrations tended to minimize the differences among experimental groups seen at in vivo cation concentrations (Table 6) .
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Furosemide-Sensitive Ion Transport
Furosemide 3). The age-dependent acceleration of Rb + uptake was because of an increase of maximal velocity in old rats; the change was most pronounced in DS-HS rats (Table 7) . High salt intake augmented V,^ only in DS rats, and this effect rose with the age of the rats. The affinity for Rb + O was not altered significantly in any experimental group (Table 7 ). Figure 4 shows the Vnu,, of furosemide-sensitive Rb + uptake obtained in individual DS-HS and DS-LS rats as related to their age. In the DS-HS rats, the regression line was displaced to higher values. No similar change was detected in DR-HS rats (Table 8) .
In an attempt to assess the physiological role of the increased activity of the bidirectionally operating Na + -K + cotransport system in old rats, the magnitude of Na + net movements was determined simultaneously ( Figure 3 , Table 7 ). There was a tendency to accelerated Na + net uptake at 10 mM Rb Table 4 ) and the respective Na + |. Young, 5-week-old rats; Adult, 12-week-old rats; Old, 23-week-old rats; DS, Dahl salt-sensitive rats; HS, high salt diet; LS, low salt diet; DR, Dahl salt-resistant rats.
•Significantly different (p<0.05) from young rats. tSignificantly different (p<0.05) from adult rats.
•Significantly different (p<0.05) from DR rats. driving forces that result from the gradients of Na + , K + , and Cl" ions. This function may be masked to a greater extent in other experimental groups with the lower furosemide-sensitive Rb + uptake due to an inhibitory action of furosemide on the Na + leak in rat erythrocytes. 25 
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Ouabain-and Furosemide-Resistant Ion Transport (Cation Leaks)
The red blood cell Rb + leak was increased by 13-30% in DS relative to DR rats, irrespective of the diet or the age ( Table 9 ). The red blood cell Na + leak was elevated by about 10% in DS as compared with DR rats [+0.20+0.05 mmol/(l cells • hr), /?<0.001] and in young relative to old rats (+0.22±0.05, /?<0.001). High salt diet caused an increase of the Na + leak in DS (+0.18±0.07,p<0.01) but not in DR rats (+0.03±0.07, NS). There was no significant interaction of the effect of high salt intake with the age of DS rats that would be consistent with the development of salt hypertension.
Discussion
The present study was designed to search for the possible relation between age-dependent salt hypertension in Dahl rats and alterations in the kinetics of Na + and K + transport in red blood cells incubated in Na + media of nearly physiological cation composition.
Blood Pressure Response
The results confirmed earlier reports on agedependent induction of salt hypertension in Dahl rats. 18 A pronounced rise of blood pressure occurred only in Dahl salt-sensitive rats in which salt intake was increased at the age of either 5 or 12 weeks but not in those kept on a high salt diet from the age of 23 weeks. Only one of six old DS rats became moderately hypertensive; all others remained normotensive. Dahl et al 1 reported a pronounced blood pressure increase in DS rats in which salt intake was raised from the age of 27 weeks. There are several possible explanations for this discrepancy, such as the use of outbred (Brookhaven) Dahl rats (as compared with inbred Toledo rats in the present study), premature weaning (21 instead of 28 days of age), or a higher salt intake (0.4% vs. 0.2% NaCl diet) before the rats were fed a high salt diet.
Red Blood Cell Na + Content
There was slightly higher red blood cell Na + in DS rats in which cell Na + content was further increased by a chronic high salt intake. Nevertheless, the observed differences were much smaller than those reported by McCormick et al 13 in fresh red blood cells or by Knorr et al 12 in Na + -loaded erythrocytes of Dahl rats. Moreover, the differences in cell Na + were not augmented by Na + loading procedure used in our experiments (unpublished data from our laboratory).
One of the reasons for an elevated Na + content in red blood cells of DS rats seems to be a greater Na + leak as compared with DR rats. In addition, a chronic high salt diet increased the Na + leak only in DS but not in DR rats. The most surprising finding of this study was that the fresh erythrocytes of normotensive old DS-HS rats contained even more Na + than those of hypertensive young DS-HS rats. The explanation is rather difficult but perhaps a relatively high rate of ouabain-sensitive Na + net extrusion in young DS-HS rats could be responsible for this difference.
The presence of elevated red blood cell Na + contents in both young hypertensive and old normotensive DS-HS rats might indicate either that there was no relation between red blood cell Na + and Vjui, maximal velocity; Koj, substrate concentrations at half maximal velocity; n, number of rats; a, intercepts with the ordinate; b, slopes of regression lines (such as shown in Figure 2) ; r, correlation coefficients; p values denote the difference of the slope from zero; DS, Dahl salt-sensitive rats; HS, high salt diet; LS, low salt diet; DR, Dahl salt-resistant rats. The data refer to 3.5 mM extracellular Na 
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Data are mean±SEM. Number of rats is given in parentheses. Transport rates are in mmol/(l cells • hr). Rb + uptake and Na + extrusion (corrected for pump reversal) were calculated from the kinetic parameters of Tables 3  and 4 using the equation V=V Q » I /(1-I-K S /S) 11 , which is a modified Michaelis-Menten equation that considers that n binding sites need to be occupied for transport to occur (three and two for transport rates related to intracellular Na + [Na + J and extracellular Rb + [Rb + O ], respectively). K s is apparent dissociation constant that can be obtained from the corresponding substrate concentrations at half maximal velocity (Kos) by division with 3.85 and 2.41 for Na + i and Rb + m respectively. S is the respective concentration of Na + , or Rb + 0 . Na + net extrusion was derived from corrected Na + extrusion by the subtraction of the appropriate pump reversal value (adjusted for the respective Na + i). Intracellular K + (K + i):Rb + 0 exchange was taken as a difference between Rb + uptake and two thirds of corrected Na + extrusion. 16 Ouabain-resistant Na + net uptake was obtained by the extrapolation of measured transport rates to the respective Na + | and extracellular K + . Young, 5-week-old rats; Adult, 12-week-old rats; Old, 23-week-old rats; K + o , extracellular K + ; DS, Dahl salt-sensitive rats; HS, high salt diet; LS, low salt diet; DR, Dahl salt-resistant rats; OR, ouabain-resistant.
•Significantly different (p<0.05) from DR rats. tSignificantly different (p<0.05) from young rats. Significantly different (p<0.05) from adult rats. §Significantly different (p<0.05) from LS rats. 
]) in young (5-week-old), adult (12-week-old), and old (23-week-old) salt-sensitive Dahl rats fed a high salt diet. Curves for Rb
+ uptake were drawn according to kinetic parameters listed in Table 7 , whereas those for Na + uptake were fitted by eye. Data are mean±SEM. For number of rats see Table 1. hypertension occurrence or that, in old rats, the hypertensive mechanisms were blocked at those steps that follow cell Na + elevation (i.e., events related to calcium mobilization and vascular smooth muscle contraction). The latter possibility deserves further detailed research.
Ion Transport by Na
At physiological cell Na + and plasma K + concentrations, ouabain-sensitive Na + and K + transport rates were not reduced in red blood cells of any age group of DS rats subjected to a chronic high salt intake. In contrast, a slight tendency for Na + -K + pump acceleration was found in erythrocytes of young hypertensive rats (Table 6 ). This is in agreement with previous observations of an increased Rb + uptake in red blood cells 8 as well as in vascular smooth muscle 3426 of salt hypertensive Dahl rats. These findings are at strict variance with an earlier study 12 that disclosed a nearly complete Na + -K + pump suppression in red blood cells of hypertensive Dahl rats although such very low transport rates could be obtained in our experiments only at K + o concentrations lower than 0.5 mM. The slightly accelerated rates of red blood cell ouabain-sensitive Rb + transport (at in vivo cell Na + and plasma K + concentrations) in young salt hypertensive DS rats (Reference 8 and the present study) seem to contrast with our observation of a moderately decreased ouabain-sensitive Rb + uptake in erythrocytes of young Sprague-Dawley rats in which salt hypertension was induced by a combination of a high salt diet and renal mass reduction. 16 The latter alteration was mainly caused by a lowered affinity of the Na + -K + pump for Na + ,, but it was not accompanied by any significant changes of cell Na + content or ouabain-sensitive Na + net extrusion in red blood cells of salt-loaded subtotally nephrectomized rats. 16 The present kinetic analysis helps to explain the apparent contradiction between the increased red blood cell ouabain-sensitive Rb + uptake and the decreased activity of renal Na + ,K + -ATPase in young DS-HS rats. 8 Microsomal Na + ,K + -ATPase activity was measured at saturating Na + and K + concentrations, whereas red blood cell ion transport was determined at physiological cation concentrations. At in vivo cell Na + and plasma K + concentrations, ouabain-sensitive ion transport was increased in erythrocytes of young DS-HS rats because of a high affinity for Na + , even if V,^ values tended to be lower. This explanation might also hold for other reports of decreased microsomal Na + ,K + -ATPase activity in DS-HS rats 5 -7 and for the age-dependent response of renal Na + ,K + -ATPase to a high salt intake. 8 In both DS and DR rats fed a low salt diet, the maximal rates of ouabain-sensitive Na + extrusion and Rb + uptake fell substantially with increasing age. This fall was accompanied by a pronounced agedependent increase in the affinity for Na + ,, which compensated the reduction of maximal velocity at physiological cation concentrations. Similar changes were also seen in DR-HS but not in DS-HS rats (Table 5) . A comparable age-dependent fall in maximal rates of Na + efflux (but without concomitant changes of the affinity for Na + i) was first reported in red blood cells of SHR by Rosati et al. 15 This has been interpreted to suggest a possible relation between the development of high blood pressure and the age-dependent decrease in maximal rates of the Na + -K + pump in SHR. Such a suggestion cannot, however, be generalized because, in subtotally nephrectomized Sprague-Dawley rats, the agedependent fall in maximal rates of the Na + -K + pump was associated with a disappearance of the hypertensive response to chronic salt loading. 16 These examples illustrate that alterations of maximal transport rates might sometimes be irrelevant to the physiological conditions. Thus, they can hardly be used in the discussion favoring or disproving the contribution of the Na + -K + pump alterations to the development and maintenance of hypertension.
In the present study, the age-dependent changes of the Na + -K + pump kinetics were not paralleled by the development of hypertension because they were observed only in normotensive groups. It remains to be elucidated whether the age-dependent fall in maximal transport rates resulted from an agedependent decrease in the number of Na + -K + pump molecules, similar to that found in rat skeletal muscle, 2728 or from a reduction in the turnover of the . Young, 5-week-old rats; Adult, 12-week-old rats; Old, 23-week-old rats; DS, Dahl salt-sensitive rats; HS, high salt diet; LS, low salt diet; DR, Dahl salt-resistant rats.
•Significantly different (p<0.05) from LS rats. tSignificantry different (p<0.05) from young rats.
•Significantly different (p<0.05) from DR rats. §Signiflcantry different (p<0.05) from adult rats. Na + -K + pump, which may be induced by cholesterolenrichment of the membrane. 29 The latter possibility seems to be more probable because cholesterol depletion of human red blood cell membranes decreased the affinity of the Na + -K + pump for Na + i and increased its V^,. 30 It is thus possible that the age-dependent fall in maximal transport rates and the parallel increase in the affinity for Na + , may somehow be related to the age-dependent increase in plasma cholesterol in Dahl rats 31 or changes in other plasma lipids that may alter the kinetics of the Na + -K + pump as a result of alterations in the red blood cell membrane lipid composition.
It is obvious from the data of Figure 1 and Table 6 that the Na + : Rb + stoichiometries ranged far below the value of 1.5 expected for a 3 NaY2 Rb + 0 exchange. As discussed elsewhere, 16 this was in part because of the presence of 2.5 mM inorganic phosphate in the incubation media, which corresponds to its concentration in rat plasma. After penetration into the cells through the anion exchanger, inorganic phosphate activates the 1 K increased with age because the slopes of the agedependent fall in maxima] velocities of Na + extrusion were always greater than those of Rb + uptake (Table  5 ). An age-dependent increase in contribution of 1 KV1 Rb + O exchange to total ouabain-sensitive Rb + uptake is also evident from Na + and Rb + transport rates pertaining to physiological cation concentrations (Table 6 ). Accordingly, some caution is necessary in interpretation of data on ouabain-sensitive Rb + uptake in rat erythrocytes. The presence of endogenous Na + -K + pump inhibitors in the plasma of salt-loaded DS rats was proposed by Knorr et al, 12 but this suggestion was not confirmed by Zicha et al 8 and Vasdev et al. 26 No major abnormalities of Na + and K + contents and of ouabain-sensitive Na + and Rb + transport rates were detected in red blood cells of salt hypertensive Dahl rats that would support the view that the red blood cell Na + -K + pump was suppressed substantially under in vivo conditions. Although washing and preincubation procedures used in this study could cause a loss of reversibly bound Na + -K + pump inhibitors, cell Na + alterations observed in fresh erythrocytes of DS-HS rats persisted unchanged even after a 2-hour incubation at 37° C in 140 mM Na + and 4 mM K + medium, which favors normal Na + -K + pump activity. On the other hand, the possibility cannot be excluded that the ability of red blood cell precursors to generate circulating adult cells with more pump sites (under the conditions of chronic Na + ,K + -ATPase inhibition) might be reduced in DS-HS rats. Such an impairment was recently demonstrated in renal tubules of young salt hypertensive DS rats by Rayson. 
Ouabain-Resistant Ion Transport
Reports on ion transport in vascular smooth muscle indicated not only increased ouabain-sensitive but also elevated ouabain-resistant Rb + uptake in salt hypertensive Dahl rats. 3426 Both Rb + leak and furosemide-sensitive Rb + uptake were enhanced in red blood cells of DS relative to DR rats; the latter component of ouabain-resistant Rb + uptake was further augmented in DS rats by high salt intake. 8 The present study revealed an age-dependent rise in Vj,,, of furosemide-sensitive Rb + uptake in both DS and DR rats that was not accompanied by changes in the affinity for Rb + O . Chronic salt loading augmented the V^ in DS but not in DR rats. The increased maximal rates of furosemide-sensitive Rb + uptake found in adult DS-HS rats are in accordance with the observation of elevated maximal rates of bumetanide-sensitive Rb + uptake in adult SHR relative to Wistar-Kyoto rats. 14 At present it cannot be decided whether the saltor age-dependent changes of furosemide-sensitive Rb + uptake were more related to alterations of Na + -K + cotransport or to changes of Na + 0 -independent K + -C1~ cotransport, which are both fully inhibited by 1 mM furosemide in rat erythrocytes (unpublished results from our laboratory). Thus, the controversy between the alterations of bumetanidesensitive 12 and furosemide-sensitive 8 ion transports Figure 4) ; r, correlation coefficients; p values denote the difference of the slope from zero. The data refer to red blood cells with nearly normal Na + content. V ,^ maximal velocity, K oi , substrate concentrations at half maximal velocity; DS, Dahl salt-sensitive rats; HS, high salt diet; LS, low salt diet; DR, Dahl salt-resistant rats.
•Significantly different (/?<0.05) from LS rats. tSignificantly different (p<0.05) from DR rats. •Significantly different (p<0.05) from DR rats. tSignificantly different (p<0.05) from young rats.
in red blood cells of hypertensive DS-HS rats might only be apparent. Na + efflux inhibited by low concentrations of bumetanide (most probably representing Na + -K + cotransport) is perhaps poorly related to K + (Rb + ) influx blocked by 1 mM furosemide. The data on furosemide-sensitive Na + net transport (Table 7) suggest that an increased furosemidesensitive Rb + uptake was associated with an accelerated Na + net uptake at higher Rb + 0 concentrations (5 and 10 mM). At low Rb + O (2 mM), this effect was absent and Na + net uptake was even converted into a Na + net extrusion at elevated Na + ; (data not shown). The previously mentioned dependence of Na + net movements mediated by the Na + -K + cotransport system on Rb + O and Na + , complicates a comparison of the data on furosemide-sensitive Na + net uptake with the alterations of bumetanide-sensitive unidirectional Na + efflux into Na + -free media. 1112 The significance of an accelerated Na + -K + cotransport activity for cation contents of red blood cells in aged rats cannot be evaluated at the present time because the physiological function of the furosemide-sensitive ion transport pathways of rat erythrocytes is not yet fully understood.
In accordance with a previous study, 8 the inward Rb + leak was elevated by about 20% in DS as compared with DR rats, irrespective of the diet and the age. If the inward Rb + leak reflects the outward K + leak, these findings would indicate that the hypertensive effects of high salt intake in Dahl rats are not related to the red blood cell K + leak. The Na + leak was also slightly higher in DS than in DR rats. The small but consistent acceleration of the Na + leak caused by a high salt diet in DS rats was, however, present to a similar extent in both young hypertensive and old normotensive DS-HS rats.
The above data on Rb + and Na + leaks are in concert with previous studies on cation leaks in both genetic and salt-induced forms of hypertension. The increased cation leaks in red blood cells of DS rats seem to be analogous to observations made in some but not in all strains with genetic hypertension.
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In contrast, salt-induced forms of hypertension were not associated with major changes of red blood cell cation leaks in both Dahl rats, 812 as was seen in this study, and subtotally nephrectomized SpragueDawley rats. 16 In summary, in the range of cell Na + and plasma K + concentrations that might be encountered in vivo, no suppression of Na + -K + pump rates was found in erythrocytes of young hypertensive DS-HS rats. The results furthermore indicate that measurements of Na + -K + pump rates performed at saturating cell Na + concentrations need not necessarily reflect the transport rates pertaining to in vivo conditions. This particularly holds for the age-dependent fall in the maximal activity of the Na + -K + pump, which was compensated at normal cation concentrations by an increased affinity for cell Na + in old rats. The maximal activity of furosemideRb + uptake increased with age without a significant change in the affinity for extracellular K + (Rb + ); the increase was most pronounced in erythrocytes of DS-HS rats. Rb + (K + ) and Na + leakage rates were accelerated in DS rats irrespective of the blood pressure response. The detailed kinetic analysis of Na + and K + transport in red blood cells of salt hypertensive Dahl rats revealed no major abnormalities that would directly favor the development or maintenance of hypertension if they would also occur in tissues more relevant to blood pressure control.
